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REDOUBLED EFFORTS 


Today science is redoubling its efforts to protect our eyes 
from glare. Illuminating experts are planning and experi- 
menting with ““glare-free’”’ sources of artificial light. We 
are beginning to realize the fact that too much light 
means no sight... Glare, however, isn’t produced only 
indoors. In all our waking hours, both indoors and out, 
our eyes are punished by countless sources of reflected 
light, annoying and fatiguing, eventually resulting in a 
condition of strain—glarestrain. For protection and com- 
plete comfort prescribe Soft-Lites, the lenses that reduce 


glare and provide easy, effortless vision. 


For constant wear. It For constant wear. It This shade isfor occa- For occasionalwear. It 


provides comfortable provides a slight ir- sionalwear.Itprovides provides protection 
vision without glare- crease oflightabsorp- protectionfromoutdoor from intense outdoor 
strain.Foreyessensitive tion over No.1 shade. glareasfoundinmotor- glare as at the beach, 
to mild forms of glare. Foreyessupersensitive ing,goliing,tennisand fishing, boating, or in 
Pleasing appearance. toglare.inconspicuous. other outdoor sports. semi-tropical areas. 
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PRECISION 


When the Lensometer was first introduced some twenty years ago, 
we called it an Optical Sentinel. It was a magical instrument - a 
mechanical eye. It replaced the primitive, uncertain methods of 
analyzing lenses that had prevailed up to that time. It changed lens 
testing from a guessing game to a science. 


But improvements in the Lensometer during the past twenty years 
have been numerous. Instead of an optical sentinel it has become 
the “Supreme Court of Lens Accuracy”- without doubt, the most pre- 
cise ophthalmic lens measuring device that has ever been conceived. 


And now we announce still another step in the improvement of our 
Lensometer Jr. - a brand new model, newly designed, with several 
new mechanical features - at no increase in price. 


To those who still employ antiquated methods of lens testing we say; 
See the new Lensometer Jr. in action; see the preciseness with which 
it records the effective power of spheres, cylinders and compound 
lenses; indicates exact axes and centers; and determines the power 
and direction of prisms. See these things and you will know how 
necessary to your practice is the new AO Lensometer Jr. 


NEW 
LENSOMETER 
Jr. 
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CONSIDERATIONS REGARDING THE ANALYSIS AND 
INTERPRETATION OF DATA ON OCULAR 
CON VERGENCE* 


Charles Sheard, Ph.D., Sc.D. ; 
Division of Physics and Biophysical Research, The Mayo Clinic and 
The Mayo Foundation, Rochester, Minn. 


PART III 


The Function of Accommodation 


In 1917 Howe closed one of the chapters of his first volume on The 
Muscles of the Eye with the statement: “‘Of late years American ophthal- 
mologists particularly have taken great pains to determine the condition 
of the extra-ocular muscles and have been so engrossed with these alone 
that physiologic facts concerning the intra-ocular muscles which were 
demonstrated long ago, and which are still of the first importance clini- 
cally, have been forgotten.’’ While I am of the opinion that twenty or so 
years ago relatively few of the rank and file of ophthalmologists or 
optometrists gave any consideration to examinations regarding the extra- 
ocular muscles, and if so, then almost wholly from the anatomic (squints 
and operative procedures) rather than from the innervational standpoint, 
I am also of the opinion that the admonition of Dr. Howe, with some 
minor changes in diction, bears repetition in these days. By reason of the 
emphasis which is being laid on the problems of convergence—a function 
which some believe to be the dominant one in the association of accom- 
modation and convergence-—it is possible that too little regard and con- 
cern are given to problems of accommodation other than those which are 
brought quite obviously to the attention of the examiner because they 
are frank conditions of presbyopia. We have inefficiency and insufficiency 
of accommodation, physiologic accommodation, monocular and binocular 
demands and reserves, positive and negative relative amplitudes, depend- 
ence and interdependence of accommodation and convergence, so that, in 
large part, we may parallel our considerations relative to the function of 
accommodation with the presentation which has been made in another 
essay concerning the function of convergence. As a matter of fact, a recent 
writer, after presenting and discussing the innervational sources of ac- 


*Submitted for publication October 22, 1934. 
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commodation and convergence, concludes ‘‘that we may place side by side 
the five sources of accommodation and convergence’’ (tonic, convergent, 
proximate, induced, and supplementary), ‘‘and the reader will see at 
once their common sources of interdependence.”’ 


Objective Monocular and Binocular Data with Fixation at Distance 


Static skiametry is an objective method for the determination of the 
refractive status of an eye when the eye is in a condition of passively 
fixating a distant object. Accommodative suppression and inhibition are 
to be induced as completely as possible. Ordinarily it is taught, and cor- 
rectly from theoretical principles, that an allowance of 1 diopter should 
be made in static findings for a working distance of 1 meter. However, 
in monocular static skiametric procedures, I have advocated as a routine 
procedure that the examiner use 26 to 30 inches as a working distance 
and make an allowance of 1 diopter instead of the theoretical allowance 
of 1.5 diopters. The skiascopic findings thus obtained approximate the 
values of the binocular prescription finally. determined in the majority of 
eyes in which normal relationships exist between the accommodative and 
convergence functions. 


Another procedure, which may be followed routinely, consists in 
the insertion of sufficient prismatic power before the eyes (or the eye 
which is not being examined) to dissociate the functions of accommo- 
dation and convergence. Others employ such amounts of lenticular power 
before the eyes as overcorrect them very decidedly, and then proceed to 
the determination of the neutral shadow values monocularly. 


Binocular static findings should be obtained after the monocular 
tests have been made. There are several advantages accruing to the ex- 
aminer. First, the possibility of binocular relaxation or accommodative 
inhibition is greater than in monocular procedures, whether these be skia- 
scopic or subjective in character. In the second place, it follows as a 
logical conclusion from the foregoing statement that if the binocular 
findings are the same or less than the monocular data in hyperopia or, 
again, are the same or greater in myopia, the examiner is afforded a clue 
as to the probable presence of complicating extra-ocular imbalances. 
Thirdly, it is a safe rule to follow in routine practice that the maximal 
hyperopic and minimal myopic corrections should be disclosed and re- 
corded even though, by reason of subsequent tests on the demands on, 
and resources of, convergence and accommodation, it may be judged de- 
sirable to modify the binocular findings. And lastly, it is good practice 
to ascertain by objective methods, both with distant and close fixation, 
whether or not the axes and amounts of astigmatism are the same in 
binocular as in monocular fixation. 


Amounts of plus (convex) lens power ranging from 0.5 diopter 
to as high as 2 diopters may be added binocularly to the previously de- 
termined monocular findings before neutral shadows are obtained. 
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Subjective Monocular and Binocular Data with Fixation at Distance 


It is not necessary to rehearse the procedures regarding subjective 
methods for the determination of monocular and binocular lenticular cor- 
rections with fixation at distance. Suffice it to say that these data should 
be obtained with care and precision by subjective methods, for it is ob- 
viously the function of the examiner to provide the pair of eyes under 
test with lenses which will as fully correct the refractive errors and afford 
the best visual acuity possible, departures therefrom being indulged in 
only in the interests of comfortable binocular single vision through -the 
harmonious correlation of accommodation and convergence. 


Dynamic Skiametry as a Guide to the Determination of the 
Accommodative Requirement 


It is not my purpose to enter into a lengthy discussion of the vari- 
ous methods of obtaining data by dynamic skiametry and their interpre- 
tation. Reference should be made to the writings of Cross, Sheard, and 
Tait, as well as to the recent volume on modern retinoscopy by Pascal. 


I have advocated the use of dynamic skiametry, as a general rule, 
with observation and fixation at the reading or other desired close work- 
ing distance, for the determination of the lenticular values necessary to 
produce the first indication of neutral shadow. There is a range of neutral 
shadow skiametrically existent between the point of initial neutrality of 
shadow and the reversal of shadow. The significance of this range will be 
discussed later. 

Furthermore, in 1919 I published the statement: ‘‘I feel rather 
positive from a long series of tests by various methods of skiametric in- 
vestigation that there is always a lag of the accommodation behind the 
convergence.’ In eyes practically emmetropic in so far as any static or 
subjective tests indicated, possessed of adequate amplitudes and reverses 
of accommodation and convergence, and therefore as nearly physiologi- 
cally normal as could be found, there was demonstrated the skiametric 
acceptance of from 0.5 to 1 diopter of additional convex lens before the 
initial neutral shadow was obtained at the 13 inch fixation-observation 
distance. These observations relative to lag of accommodation, as I called 
it, have been substantiated by other investigators. Normally, therefore, 
the dynamic skiametric findings, with fixation and observation at the 
reading distance, will exceed the static retinoscopic findings by about 
three-quarters of a diopter as an average value. If the dynamic skiametric 
findings should exceed the static determinations by more than 0.5 to 1 
diopter in conditions of emmetropia or hyperopia, or be decreased by 
more than a like amount in myopia, there is objective evidence of one 
(or more) of the following: (1) static undercorrection of hyperopia or 
overcorrection of myopia, (2) spasm of accommodation, (3) subnor- 
mal, ill-sustained, or insufficient accommodation, (4) presbyopia, (5) 
lack of harmony in, or interference with, the associated functions of ac- 
commodation and convergence by reasons of insufficiency of innervational 
resources. 
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Dynamic skiametry is primarily, although not exclusively, an ob- 
jective method of quantitatively estimating the accommodative require- 
ments. It is the only objective method at our disposal for investigating 
the ocular functions as they perform at close range, for it enables us to 
examine the function of accommodation in all its phases, either when 
working independently of the convergence or when operating in associa- 
tion with convergence. 


Significance of Neutral Shadows and Reversal of Shadows in 
Dynamic Skiametry 


In 1920, in the volume on Dynamic Skiametry I stated: “‘The 
value of the corrections obtained at any fixation point (observation-fixa- 
tion distance being the same), when reversal of shadow is obtained, is 
not a measure of the accommodative need in order to correlate the func- 
tions of accommodation and convergence, but is a measure of the negative 
relative accommodation.’’ Dynamic skiametry, when practiced to the 
point of reversal, gives data objectively regarding the amount of plus 
lens that can be added, convergence remaining unaltered. However, this 
statement is far from implying that the demands on the innervational 
sources (accommodative and fusional) of convergence are not changed. 
In other words, it is an objective method for obtaining an answer to 
the question: By how many diopters can the accommodation be in- 
hibited, the convergence remaining constant, in the amount requisite for 
the fixation distance? Subjectively, the analogue of these data consists 
in the determination of the values of the plus lenses which can be added, 
binocular single vision being maintained, until the letters on a suitable 
test type commence to blur. In emmetropia, with fixation at a distance 
of 13 inches, a negative relative accommodation of 2 to 2.5 diopters is 
found in general through the use of the subjective method. The dynamic 
skiametric method, with an observation-fixation distance of 13 inches, 
when carried to the point of reversal, gives values about 1.5 to 2 diopters 
greater than the static binocular findings. In summary, I believe that the 
dynamic skiametric findings at the first neutral shadow, due allowance 
being made for a lag of accommodation of 0.5 to 0.75 of a diopter, are 
a measure of the accommodative assistance that is requisite and that dyn- 
amic skiametric data, carried to the point of reversal of shadow, con- 
stitute an objective method of finding the negative relative accommoda- 
tion or, in other words, the inhibition of accommodation under the con- 
ditions of convergence existent for the distance of fixation chosen for the 
test. 

Tait has given us the results of his investigations in a paper con- 
cerning a quantitative system of skiametry in which he has attempted to 
correlate lag of accommodation, exophoria, accommodative convergence, 
and convergence accommodation with the findings of dynamic skiametry 
as practiced by his technic, He has summarized his results in the con- 
clusions: 

1. ‘That there is a definite relative range of accommodation or lag 
of accommodation for any given fixation as found by Sheard.”’ 2. ‘‘That 
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this negative range has a different value according to the technique used. 
Its greatest expression in objective work can be obtained by the use of 
the ‘fogging’ technique.’’ 3. ‘“That the negative range of accommodation 
is prevented from being total for the fixation distance by some positive 
accommodation stimulated by the convergence for the point of fixation.” 
4. ‘That this positive relative accommodation or convergence accommo- 
dation can be measured by the accommodative convergence found under 
corresponding conditions. Apparently this is true association innervation 
and operative either way.”’ 


Skiametric Methods of Determining the Monocular and Binocular 
Amplitudes of Accommodation 


In 1917 I presented an application of the principles of dynamic 
skiametry to the determination of the values of monocular and binocular 
amplitudes of accommodation through the objective measurement of the 
monocular and binocular punctum proximum, respectively. It is well 
known that the punctum proximum is the closest distance of distinct 
vision and is obtained through the maximal exertion of accommodation. 
In the objective determinations, by reason of the presence of the lag of 
accommodation and other practical difficulties which may arise, I have 
advocated the practice of using a small-sized target carrying a vertical row 
of 12-point or 14-point letters. The full static corrections or reading 
corrections in cases of presbyopia are worn by the person under examina- 
tion. The test object is drawn toward the eye by the subject of the test 
and located initially at such a distance that the letters are easily read and 
not blurred. To the examiner stationed at, say, 18 inches, the skiascopic 
reflex will show, in normal conditions, an “‘against’’ or myopic condition, 
indicating that the examiner’s eye is too remote from the point which 
is optically conjugate to the retina of the observing eye fixating the test 
object. The examiner then approaches the eye until he obtains the posi- 
tion of the neutral shadow. The test object is then to be brought still 
closer to the eye and the skiascopic neutral shadow again located. This 
procedure is repeated and the test object is drawn toward the eye and the 
closest distance at which the skiascopic neutral shadow is found and 
maintained, when converted into diopters, gives a value of the amplitude 
of accommodation. A report of inability on the part of the subject to see 
the letters distinctly is of no significance in the test; the continued attempt 
to read and decipher, however, is vital since the maximal exertion of ac- 
commodation is desired. The measurement of the distance between the 
eye under test and the location of the closest point for a neutral shadow 
gives the apparent rear point and from these data the range and ampli- 
tude of accommodation may be obtained. 


The determination of the binocular amplitude of accommodation 
by dynamic skiametric methods is fundamentally the same as in the 
monocular procedures. In the binocular test the eyes are converging to, 
or fixating binocularly, if possible, the vertical row of letters or other 
fixation target employed. The examiner can determine the distance at 
which neutral shadows are obtained in each eye for any given position 
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of the objects fixated and can ascertain, by the measurement of the near- 
est distance at which neutral shadows are obtained and maintained as 
the fixation target is moved closer to the eyes, whether the binocular am- 
plitude is less than, equal to, or greater than, the monocular amplitude. 
Furthermore, by monocular and binocular tests, data can be acquired 
concerning the equality or inequality of the accommodative amplitude 
in the two eyes and, in cases of marked anisometropia, such as a hyperopic 
condition in one eye with myopia in its mate, the examiner can determine 
the distances at which each eye, in turn, undertakes the functions of dis- 
tant and close vision. In summary, these objective or skiametric methods 
of obtaining data are of value in finding the range and amplitude of 
accommodation in children and illiterates, in conditions of presbyopia., 
subnormal accommodation, inequality of accommodation, and in ambly- 
opic conditions in which the examiner may be uncertain whether accom- 
modation is still active for the reason that subjective tests may be unre- 
liable because of markedly reduced visual acuity. 


Subjective Determinations of the Monocular and Binocular Amplitudes 


It seems unnecessary in these considerations to present technics and 
procedures in the determination of amplitudes of accommodation. As a 
selection from the various subjective tests, I shall present briefly the 
methods and conclusions of Duane. He recommends the use of a fine 
black line, about a quarter of an inch in length, engraved on a suitable 
white card, which can be moved along a modified Prince rule. When the 
line begins to blur, its distance from the anterior focal point of the eye 
is read from the scale. In 1922 Duane reported the results of his investi- 
gations concerning maximal, minimal, and average monocular amplitudes 
of accommodation in relation to age. In passing, let me take, as an illus- 
tration, certain data from the writings of Duane. At the age of thirty 
years, the maximal accommodation was found to be 10.8 diopters and 
the minimal value 6.5 diopters—a spread of about 4 diopters. The ‘‘blur 
point”’ distance, therefore, varied from 9.2 cm. to 16 cm. in monocular 
determinations of amplitudes of accommodation of normal individuals 
presumably possessed of comfortable vision. All those who are interested 
in the practical phases of ocular refraction are reminded again of the fact 
that there is a spread of values in normalcy and that no one test or set 
of data determined through its use is sufficient unto itself. The solution 
of ocular problems lies in the correlation of various data concerning ac- 
commodative and convergence demands and reserves at both distant and 
near points of fixation and focus. 

From his investigations, Duane concluded: 1. ‘“The binocular am- 
plitude of accommodation will be regularly higher than the monocular 
value. 2. The binocular exceeds the monocular by amounts varying from 
0.25 to 1 diopter. 3. When the monocular value exceeds that of the 
binocular, we may be sure of muscular imbalance. 4. The accommodative 
surplus in binocular vision is apparently due to a convergence action 
which induces an extra accommodative effort which is impossible when 
one is not converging binocularly.”’ 
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Positive and Negative Relative Ranges and Amplitudes of 
Accommodation 


During the past fifteen to twenty years, I have written, in various 
books and magazine articles, statements to the effect that data regarding 
the positive and negative relative accommodations and the positive and 
negative relative convergences are obtained readily through the use of (1) 
concave and convex lenses, and (2) prisms, base out and base in, 
respectively, for any chosen distance of fixation or focus. In routine prac- 
tice it is generally sufficient to obtain such data with fixation at 6 meters 
and 33 cm., respectively. In the volumes on Dynamic Ocular Tests and 
Dynamic Skiametry, I directed the reader’s attention to ways and means 
of obtaining data concerning the positive and negative portions of accom- 
modation, both monocularly and binocularly and at various distances 
of focus; the character and sizes of test objects, and germane data; to- 
gether with a discussion of the sources of error, points of advantages, and 
likely reasons for disagreements in the data obtained by various methods. 


In more recent years, during which there has been a deeper and more 
widespread interest in the application of methods for the investigation of 
convergence and accommodation, there has arisen, through the writings 
and teachings of others, the belief that I have advocated large-sized letters 
both in distant and near tests for the determination of positive and nega- 
tive accommodation and convergence. In 1917 I wrote: ‘‘In theory, then, 
all we need to do is to seek the strongest concave lens through 
which an eye still sees distinctly (just a definite blur) at a long distance 
and this lens will give the maximum of dynamic refraction of which the 
eye is susceptible, as advocated by Landolt. . _ In practice, then, the 
patient is provided with the minimum concave or maximum convex 
lenses, together with the cylinders, which will afford V = 10/10 as 
nearly as possible. In this concave-at-distance method the writer usually 
selects the V = 8/10 as a basis for the limiting value in the distinct- 
distant vision test.’’ With reference to the tests at the reading distance, 
which were presented and discussed at the same time, I wrote: ‘“The 
writer ordinarily uses number 2 Jaeger type (V = 0.50 D) held at 13 
inches . . . Minus spheres, beginning in general with a —1 or —1.5 
diopter glass, are then inserted in the trial frame or turned up in the lens 
battery in connection with the phoro-optometer until the minus lens has 
been inserted through which the number 2 Jaeger type is just barely 
readable.’ Some of the terms and expressions, such as ‘‘concave-at-dis- 
tance’’ and ‘‘concave-at-near,’’ have been deleted and considerable def- 
initeness has been contributed to the expressions ‘‘just barely readable’ 
and “‘blur-out points.” 


Since it may not be possible to obtain normal visual acuity either 
with or without correcting lenses, I believe that the simplest and most 
satisfactory procedure is to instruct the person under test to fix the atten- 
tion on the smallest letters that can be read and to state when the letters 
are blurred. To blur means to “obscure by making confused and uncer- 
tain in form or outline; make indistinct and confused’’ (Webster’s Dic- 
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tionary). Distinctness and details of form are possible only when the 
image of the fixated object is correctly focused on the retina. Hence, 
visual blurring will occur when the image is formed either in front of 
or behind the retina. Obviously, the retinal image, when not properly 
positioned, will cause indistinct or blurred vision irrespective of the size 
of object used or of image formed, but this indistinctness and blur may 
be ascertained more easily and definitely when the limiting values of 
ocular resolution are used. 

However, the fundamental philosophy underlying all of these tests 
remains the same; the development of methods and the improvements 
in technic have contributed in large measure to the exactness of execution 
in modern ocular refraction. 

Many years ago Donders stated the important principle that ‘“The 
accommodation can be maintained only for a distance at which, in refer- 
ence to the negative part, the positive part of the relative range of the 
accommodation is relatively great.’’ Also, it may be accepted as a funda- 
mental principle that any ocular function should be investigated under 
conditions of activity (stimulation) or quiescence (inhibition) which 
conform to the physiologic function under consideration. In other words, 
static refractive tests should disclose refractive errors and, when cor- 
rected, little if any accommodation should be required for distinct distant 
vision. Dynamic tests involve activity of function; normally accommo- 
dation is demanded for distinct vision at close points. The same type of 
question arises in this connection as in the consideration of the demands 
on convergence: Can the accommodative requirements be met with com- 
fort? The answer to this question, in large measure, lies in the deter- 
minations of the values of the positive and negative relative accommoda- 
tions and in the amplitude of accommodation obtained by various ob- 
jective and subjective methods, both monocularly and binocularly. 


A Citation of Data Regarding Relative Accommodation 


If, for example, a person is accommodating for and converging to 
a point at 33 cm. distance and +3.50 D.S. can be added binocularly 
before the test letters become blurred, evidence is furnished that prac- 
tically (although not mathematically exactly) 3.5 diopters of accommo- 
dation has been relaxed or inhibited while convergence remains constant 
irrespective of the character or sources of the innervational convergence. 
Accommodative convergence will be decreased normally somewhat in 
proportion to the suppression of accommodation. Therefore the positive 
fusional convergence demands will be increased normally and these in- 
creased demands must be taken care of by the positive fusional conver- 
gence in the interests of binocular single vision. 

If, on the other hand, —1.50 D.S. can be added binocularly before 
the test letters become blurred, practically (although not mathematically 
exactly) 1.5 diopters of accommodation have been stimulated into ac- 
tivity while convergence remains constant for the point cf fixation. In 
this case, accommodative convergence will be increased normally through 
the increase of accommodation, and, therefore, the demands on the posi- 
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tive fusional convergence will be decreased normally. Again, if accom- 
modative overconvergence should be elicited, binocular single vision 
would be maintained through negative fusional convergence. Since nega- 
tive fusional convergent response would not be expected in such a con- 
dition (because it is not sound doctrine, physiologically, to have con- 
comitant innervational stimulation to, and muscular activity of, both 
internal and external rectus muscles), it is logical to conclude that the 
limitation to the binocular acceptance of minus lenses to the point of 
blur may be conditioned, in part at least, on the amount of accommo- 
dative convergence associated with the act of accommodation. These few 
statements, inserted by way of discussion, should cause each and every 
one to be cognizant of the many possible interrelationships between ac- 
commodation and convergence and to bear in mind that any binocular 
relative accommodative tests afford data concerning the accommodative 
stimulation or inhibition as dependent on accommodative convergence, 
fusional convergence demands and reserves. For such reasons, therefore, 
I have advocated not only the determination of the binocular findings 
but also the equally important data concerning the monocular positive 
and negative ranges of accommodation, the point of focus being 33 cm., 
since the monocular additions of plus and minus lenses do not involve 
activity or inhibition of accommodation associated with the maintenance 
of binocular single vision. The dissociation of the eyes does not prevent 
convergence responses of certain types and probable amount but it does 
prevent a limitation of the accommodative functions, under stimulation 
or inhibition, dependent on the association of the functions of convergence 
and accommodation. A comparison of the data obtained with monocular 
and binocular fixation and focusing often affords information regarding 
accommodative needs per se and accommodative needs and requirements 
as influenced by or limited by the convergence requirements which are 
maintained in the act of binocular single vision. 


Let us return to the specific data cited, namely, 3.5 diopters of 
accommodative inhibition or lenticular substitute, optically considered, 
for accommodation, and 1.5 diopters of positive accommodative response, 
the fixating and focusing points being 33 cm. Can comfortable distinct 
vision be maintained? Or, in terms of Donders’ dictum, is the positive 
part of the relative range of accommodation sufficiently great with refer- 
ence to the negative part? In answer to these questions, I believe that 
extensive research regarding comfortable vision has demonstrated that the 
positive range of relative accommodation must at least be equal to the 
negative portion. Normal findings at the reading distance may be ex- 
pected to be from —2.25 to —2.50 diopters (positive relative accom- 
modation) and +2.00 to +2.50 diopters (negative relative accommo- 
dation). Such a statement, however, does not imply that the exact 
amounts specified must be obtained to be considered normal, but indicates 
the values of the expected findings as determined by the examination of 
hundreds of cases. Therefore, blur tests disclosing the binocular accept- 
ance of —-1.50 D.S. and +3.50 D.S., respectively, indicate (1) the 
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necessity of accommodative assistance, as O.U. +1.00 D.S., (2) the 
possibility of an inherent accommodative convergence excess, and (3) 
the possibility of low negative fusional convergence. The further analysis 
of the case must be based on the monocular amplitudes of accommoda- 


‘tion, the total accommodative amplitude, and data regarding demands 


on convergence and convergence reserves. 


Illustrative Data 


A few illustrative cases must suffice to emphasize the importance of 
these discussions concerning both subjective and objective monocular and 
binocular tests of the amplitudes of accommodation and of the positive 
and negative relative accommodations, respectively. The data regarding 
accommodative ranges and amplitudes are not sufficient, in and of them- 
selves, to warrant a final prescription without a consideration of data 
regarding the demands on and reserves of convergence. However, in cer- 
tain instances, final prescriptions may be indicated and the reader is to 
assume that the convergence liabilities were adequately met and the con- 
vergence reserves ample. 


Case 1. Normal monocular and binocular accommodative ampli- 
tudes. A woman, aged twenty-five years. Static skiametry, O. U. +1.00 
D.S. Dynamic skiametry, fixation and observation at 13 inches, O. U. 
+1.75 D.S. in order to obtain neutral shadows. Subjective tests, O. U. 
+1.25 D.S., V = 20/20 binocularly. Monocular near point, reading 
number 2 Jaeger type (V — 0.50 D.) through distance corrections, in- 
dicated a punctum proximum of 5 inches (amplitude of accommodation, 
8 D.); the binocular test gave a near point of 4 inches (10 D. of ac- 
commodation). With fixation and focus at 13 inches, hence requiring 3 
diopters of accommodation to see distinctly, the subjective monocular 
positive and negative amplitudes were 5 D. (measured by —5.00 DS. 
with definite blur) and 2.5 D. (measured by +2.5 D.S.), the binocular 
static corrections being worn. The positive and negative relative accommo- 
dations were 5.5 diopters and 3 diopters, respectively. The objective 


. (skiametric) monocular accommodation test indicated, for each eye, 7 


diopters; the binocular findings gave 8 diopters as the maximal amplitude 
of accommodation. Other data and tests regarding demands on, and 
reserves of, accommodation not indicating to the contrary, O. U. +1.25 
D.S. would be prescribed. 


Case 2. Presbyopia. The subjective findings, in excellent agreement 
with the static skiametric measurements, gave, in the case of a woman, 
aged fifty-eight years, normal or standard acuity with O. D. +1.75 
D.S. ~ —1.25 cyl. ax. 180 and O. S. +2.00 D.S. > —1.00 cyl. ax. 
180. Dynamic skiametric examinations at 16 inches disclosed O. U. 
+4.00 D.S. ~ —1.25 cyl. ax. 150. The objective accommodative tests, 
the statically determined corrections being worn, demonstrated a mon- 
ocular near point of 20 inches, or the equivalent of 2 diopters of accom- 
modation, while the binocular objective test showed 16 inches, equiva- 
lent to 2.5 diopters, as the near point. Therefore, for reading purposes at 
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16 inches, allowing the patient to retain one-half the available amplitude 
of accommodation in reserve (the accommodative amplitude being prac- 
tically 2 diopters), she was given an additional O. U. +1.75 DS. 


In the particular case I have cited, I find in my records data relative 
to the demands on and reserves of convergence which, in résumé, showed 
distance reactions of 1A exophoria with positive and negative fusional 
reserves of 8A and 104A, respectively; at the reading distance, under dis- 
sOciation tests, an accommodative exophoria of 20A, thereby indicating 
the total absence of convergence directly associated with accommodation. 
The positive fusional reserve (blur point) was 11A and the negative 
fusional reserve was 234. These data indicate the necessity of the incor- 
poration of prisms in the reading glasses (O. U. 3A, base in) and orth- 
optic training looking toward the development of positive fusional con- 
vergence. 


Case 3. Unequal monocular amplitudes of accommodation. A man, 
aged twenty-one years; headaches; cannot read with comfort for any 
length of time; eyes extremely sensitive to light. Subjective static findings 
were O. D. +0.75 D.S. ~ —0.37 cyl. ax. 180, the visual acuity being 
equally good and 20/20 in each eye. Monocular objective accommoda- 
tion tests, the distance corrections being worn, disclosed the punctum 
proximum at 5 inches for the right eye, or an amplitude of 8 diopters, 
and corresponding values of 4 inches and 10 diopters in the case of the 
left eye. The monocular subjective accommodation tests corroborated 
these findings. A spasm of accommodation was suspected, the cause with- 
out doubt being disclosed by tests which revealed a high positive fusional 
demand and relatively low convergence reserves. Excessive accommoda- 
tion, with its accompaniment of accommodative convergence, enabled 
binocular single vision to be obtained but maintained only with discom- 
fort. Treatment consists in the giving of the lenticular corrections com- 
bined with prisms, base in, and fusional training. 


Case 4. Amblyopia. In the case of a man, aged thirty years, the 
static skiascopic findings were O. D. +3.00 D.S., O. S. +5.25 DS. 
Dynamic skiametry disclosed O. D. +3.75 D.S. and O. S. +6.50 D.S. 
for initial neutral shadows. Subjective static findings gave O. D. +2.50 
D.S., V = 20/20 and O. S. +4.50 D.S., vision in this eye being im- 
proved from the counting of fingers to V = 2/10 with correcting lenses. 
The monocular objective accommodation tests showed that the right eye 
had 4 D. of accommodation and that the punctum proximum of the left 
eye was at 20 inches, indicating 2 D. of accommodation. From 8A to 
104 of esophoria were found with distant fixation, the lenses deter- 
mined by the subjective static findings being worn. No satisfactory tests 
could be made on the relationships between accommodation and con- 
vergence at the reading distance. The data show, however, the possibility 
of producing marked improvement in the vision of the left eye because 
(1) the correction of the hyperopic error produced an appreciable im- 
provement in vision, and (2) there was objectively determined evidence 
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of accommodative innervation and lenticular changes, under this innerva- 
tion to the ciliary muscles, of 2 diopters. 

Case 5. Anisometropia with fair range of binocular accommodation. 
A girl aged ten years. Static skiascopic findings determined as O. D. 
+3.25 D.S. > —5.00 cyl. ax. 10, O. S. +0.50 D.S. > +0.50 cyl. 
ax. 90. Subjectively, O. D. +2.50 ~ —4.75 cyl. ax. 10 gave V = 
8/10, while the static correction before the left eye afforded V = 10/10. 
The monocular objective accommodation, wearing the subjectively deter- 
mined findings, indicated O. D. 5 diopters and O. S. 8 diopters of ac- 
commodative amplitude. The near points by subjective methods were 
O. D. 7 inches and O. S. 4 inches. Phoria tests disclosed 44 exophoria, 
while dissociation tests at 13 inches showed an accommodative exophoria 
of 124A, thus indicating an accommodative convergence of 114A, the inter- 
pupillary distance being 63 mm. The maximal positive relative con- 
vergence that could be obtained at 13 inches was 10A. The patient was 
given the static corrections with a small amount of prism, base in, for 
constant wear; prism, base out, treatments and intermittent accommoda- 
tive stimulation were prescribed. This program was carried out with the 
result that after five months the accommodative amplitude of the right 
eye had been raised from 5 D. to 6.5 D., and the positive fusional con- 
vergence had been increased about 5A. 


Case 6. Excessively high dynamic findings with low amplitudes of 
accommodation. This case illustrates the importance of the tests on rela- 
tive and total amplitudes of accommodation, the pronounced difference 
between the static and dynamic findings, and the considerable variation 
between the monocular and binocular values of accommodative am- 
plitude. 

A girl, aged twelve years, complained of frontal headaches and in- 
ability to read in late afternoons and evenings. Static skiascopic tests 
evidenced O. U. +1.25 D.S. Dynamic skiametric findings for initial 
neutral shadow were O. U. +3.00 D.S. Binocularly, under subjective 
tests, O. U. +1.00 D.S. were accepted with V = 8/10 to 10/10. With 
the static corrections, distant tonicity tests evidenced 4 esophoria and at 
13 inches, under dissociation tests, 4A of excessive convergence were dis- 
closed, indicating an accommodative exophoria of zero. The objectively 
determined monocular accommodative amplitude was 3.5 D. for each 
eye; the binocular tests gave 5.5 diopters. The subjective accommodative 
tests disclosed the fact that the patient could not read monocularly num- 
ber 2 Jaeger type at 13 inches, through the static corrections, although 
this type could be read binocularly with difficulty. With a correction of 
O. U. +2.00 D.S. the number 2 Jaeger type could be read at 10 inches. 
The positive and negative relative accommodations, O. U. +2.00 being 
worn, with fixation and focus at 13 inches, were | D. (minus lenses to 
blur) and 3 D. (plus lenses to blur), respectively. Positive and negative 
relative convergences were 24A and 7A, respectively. This case clearly 
evidences involvement of the function of accommodation, overstimula- 
tion innervationally with lack of muscular response. Such conditions may 
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occur by reason of focal infection, chlorosis, syphilis, and so forth. From 
the refractive standpoint, the condition is to be classified as accommoda- 
tive insufficiency and the optical treatment should consist of (1) pre- 
scription of both near and far corrections, such as O. U. +2.50 DS. 
for close work, either as two pairs of glasses or in bifocals; (2) inter- 
mittent stimulation of the accommodation (using minus spheres) until 
the accommodative reserves are increased; (3) convergence exercises and 
stereoscopic training. 

Case 7. Binocular amplitude of accommodation less than the mon- 
ocular amplitudes. A man, aged twenty-five years. Static skiascopic find- 
ings, O. D. +0.75 D.S. > +1.00 cyl. ax. 90 and O. S. — +0.75 DS. 
=~ +1.50 cyl. ax. 90. These findings afforded the best visual acuity pos- 
sible, V = 8/10. Dynamic skiametry disclosed practically the same find- 
ings; if anything, a trifle Jess spherical power for initial skiametric neu- 
tralization. The monocular objective accommodative tests, the patient 
wearing the statically determined corrections gave amplitudes of 5 diop- 
ters for each eye: the binocular tests disclosed a punctum proximum of 
12 inches, or amplitudes of 3.3 diopters. Additional tests showed (1) a 
tonic exophoria of 6A, (2) an accommodative exophoria of 20A (indi- 
cating an accommodative convergence of 4A, since 184A -++-6A —20A = 
4A), (3) a positive fusional convergence reserve of 8A with fixation at 
13 inches, (4) an adduction with distance fixation which is nil, indicating 
that the patient is just able to secure binocular single vision, and an ab- 
duction of 184. We have evidence in this case of low monocular ampli- 
tudes of accommodation, a still lower binocular amplitude of accommo- 
dation, a high demand on fusional convergence to maintain binocular 
single vision, and a low positive fusional convergence reserve. In general, 
treatment ‘in such cases should consist of (1) the prescription of the 
static findings with the incorporation of prism, base in, equal to about 
half of the exophoria disclosed by the phoria tests, (2) stimulation of 
convergence through the use of prisms, base out, and (3) the possible 
use of minus lenses to stimulate accommodation. 
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AN EXPERIMENTAL INVESTIGATION OF THE NEGATIVE- 
FUSIONAL CONVERGENCE AMPLITUDE* 


William J. Tait, B. S., M. A., O. D. 
Philadelphia, Pa. 


A careful perusal of both Optometrical and Ophthalmological 
literature yielded several case-studies reported by various investigators, 
in which they had been successful in developing the fusional conver- 
gence amplitude, both in a negative and in a positive direction, by the 
employment of orthoptic calisthenics. 


However, the writer has not been able to achieve such desirable 
results with his own private cases, to whom he has given considerable 
prismatic exercise without any appreciable increase or decrease in the 
abductions or the adductions, beyond what would be allowable for 
the experimental error of the prisms that were used to determine the 
relative amounts of innervation supplied to the extra-ocular muscles. 


In an attempt to reconcile the existing inconsistencies that were 
evident when a comparison of data was made, it was decided to investi- 
gate the problem more thoroughly in the research clinics of the Pennsyl- 
vania State College of Optometry. Here it would be possible to conduct 
the investigation under standardized conditions and to select the sub- 
jects who could be thoroughly trained both in observation and intro- 
spection, since the average patient is not fitted either by training or by 
experience to give reliable judgments, free from possible errors of inten- 
tion or bias. 


This paper is the beginning of a series of similar investigative 
procedures with the purpose of ascertaining what can be accomplished 
in the field of ocular myology, under conditions so controlled that they 
can be repeated and verified by other experimenters without any 
quibbling over the methods employed or the technique of instrumenta- 
tion. With research material that is collected under specified methods 
of standardization and instruction, Optometry will then be better able 
to contribute something that is worthwhile to the archives of science. 
At the present time there are entirely too many generalizations and 


*An abridgement of the material presented before the American Academy of 
Optometry at Baltimore, December 19, 1933. 
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arm-chair deductions, without previous adequate experimental back- 
ground upon which to philosophize. A considerable portion of the 
current literature sadly lacks complete details of the experimental pro- 
cedures utilized in various investigations, and if the complete details 
are known, they are not fully treated and reported. Science can be 
defined as a knowledge of facts, laws and proximate causes, gained 
through, and verified by, exact observation and correct thinking. In 
every scientific investigation an exact definition of the problem must be 
given, together with the source of subjects, a description of the technique 
employed, and a statistical presentation of the reliability, validity and 
the variability of the obtained data wherever possible. “The main ob- 
ject of any scientific observation is to ascertain the truth and then to 
follow fearlessly in its path. 


This paper is mainly concerned with the possibility of developing 
the negative fusional convergence amplitude. By the term negative 
fusional convergence is meant ““The innervation supplied to the extra- 
ocular muscles in their endeavor to maintain single binocular vision 
of the fixation-object, thereby preventing a homonymous. diplopia 
from ensuing. The amplitude of fusion in a negative direction is 
measured by the amount of prismatic power, placed base in, that can 
be overcome immediately prior to diplopia. 


At my disposal were several different types of instruments by 
which orthoptic exercises could be administered, but it was decided to 
employ the Kratometer in order to be consistent with the technique 
and methods suggested in the earlier studies. From the neuro-physio- 
logical viewpoint, a rhythmic deflecting of the bi-macular images out 
into the peri-macular fusion area would seem a much more efficient 
method of developing a greater reflex activity and integration of the 
neura: pathways, than by simply gliding the foveal images without any 
reversal of direction. It was thought that there would be less chance 
for adaptation to take place with a vacillating image. A sameness 
of stimulation causes a decline in the excitability of the sensory nerves 
and receptor organs, but this is not, however, to be confused with 
fatigue. Fatigue is due to an accumulation of the end and inter- 
mediate products of metabolism, particularly the acid-metabolites which 
interfere with the propagation of nervous impulses. At the present 
time there’ is no physiological explanation for the phenomenon of 
adaptation. Sensory adaptation must be properly evaluated, as it is 
to be found in the human eye and it increases as we approach the 
periphery where it is necessary for an object to be constantly in motion 
or it will rapidly disappear from view. 


Subjects: 
After a careful consideration, four senior internes, Lyle M. Cruse, 


Charles K. Doland, Arnold C. Kight, and Arthur R. Neale, from the 
College Clinics, were selected to act as subjects. They were chosen 
on a basis of scholastic standing and natural aptitude toward scientific 
research. Their ages ranged from twenty-five to twenty-seven years, 
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and they were apparently enjoying normal health. The subjects were 
carefully refracted and fully corrected for any refractive defects. Wear- 
ing the corrections, they all exhibited 20/20 or better visual acuity. 


The nature of the problem was carefully explained to them in 
detail and the experimental procedure was carried out several times by 
each individual to insure a uniformity of and conformity to method. 
It was impressed upon the subjects that regardless of the outcome 
of the experiment, whether the results were positive or negative, there 
would be a definite contribution to human knowledge. 


Apparatus: 


Two Genothalmic Kratometers with prism slides placed to give 
base-in exercise were used. Fixation was at a 1/3 M. upon a 4 m/m 
black letter E, printed upon a white card. This near-point fixation 
was small enough to subtend an angle of less than 3 degrees at the 
nodal point. Objects larger than this have their corresponding images 
outside of the foveal limits and in order to perceive their details, the 
eyes would have to search, so to speak, over the surface of the object, 
a condition that might possibly vitiate the results. The same fixation- 
object was used for the near-point duction determinations. 


A Maezel Metronome, regulated to tick 56 times a minute, per- 
mitted the prism slides to be changed at a constant rate. “The ductive 
power of the eyes was measured daily, before and after treatment, by 
means of rotary prisms which form an integral part of the De Zeng 
phorometer, manufactured by the American Optical Company. Fixa- 
tion for distance was upon a 20/200 letter E and at near upon the 
4 m/m E, previously described. It might be mentioned that in ascer- 
taining the ductions the rotary prisms were turned simultaneously and 
at an approximate rate of 80 prism diopters per minute. ‘The intensity 
of illumination before each eye was kept constant at 25 foot-candles 
and was measured frequently by means of a “‘Sight-Meter,’’ an instru- 
ment recently placed upon the market by the Weston Instrument Com- 
pany. The last two mentioned precautions play an important role in 
determining variation differences in the ductions in a given individual. 


Procedure: 


As a control, and in order to rule out any chance fluctuations that 
might affect the duction reserves, the fusional convergence was measured 
twice a day, for an entire week, prior to the inauguration of treat- 
ment. In addition to obtaining the horizontal ductions for near and 
distance, the ‘phorias and reversions to fusion were likewise noted dur- 
ing this period. For the first two weeks each subject received four 
treatments per day, of ten minutes’ duration. As the obtained results 
disclosed little change and as the subjects experienced no appreciable 
fatigue, it was decided to increase the length of treatment from ten 
minutes to twenty minutes, during the remaining two weeks. Subse- 
quent to the treatment period, a final control week was included, and 
the values averaged so as to give a means for comparison with those 
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Subject:Lyle M.Cruse. 
Exper iment er: Arnold C.Kight. 


Dis r 
Control Week Abd. oria Add. Phoria 
averares) 
rst Week 5/3 10/7 eden 17/13 | 9/7 7 2x0. 


Treatments Abd.( dist.) Abd.(pear) Poak 


11/6/33 6/4 16/11 10 

"7" 6/4 13/1G 10 

"gn 5/4 15/10 12 

"ge 6/6 18/12 12 

"10 * 6/5 17/13 12 

" 43" 6/5 17/13 14 

" 14" 6/5 14/13 14 

" 15" 7/6 18/14 16 

# 16° 6/5 17/13 16 

"17" 7/5 20/12 16 

" 20" 7/5 16/13 16 

" 21" 6/6 17/13 16 

ge" 6/5 17/10 16 

" 23" 7/5 16/11 16 

" 24" 7/6 15/13 16 

270 17/11 16 

* 26" 6/5 18/12 18 
Control Week ba. Abd. Phoria | 
Final Week (6/4 18/14 15/14 | 7 exo. 


Pupillary Distance 66 mn. 
Accommodative-Convergence: 12 P.D.(before) 12 P.D.fafter) 


Dr William Tait. Data. Figure One. 


collected during the initial control run. 

At the beginning of each daily treatment, the amount of abduction 
was also determined with the Kratometer and from the total amount 
necessary to produce diplopia, two prism diopters were deducted. This 
modified walue was selected as the maximum limit of the exercising 
range, the other being zero. The positive prisms were never increased 
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Sub ject:Arnold C.Kight. 


Experimenter:Ly le M.Kruse. 


Distan< 
Control Week | Abd. Add. Phoria | Aba. 
(averages) 
First fieek | 7/5 | 1 exo. | 18/12 


Treatments Abd.(dist.) _Abd.(near) 
11/6/33 8/7 23/17 
“7° 8/6 22/16 
8/6 21/16 
"gra 8/7 22/15 
"10 " 7/6 21/16 
"13 ° 8/7 21/17 
7/6 21/17 
7/6 21/17 
7/6 21/14 
7/6 19/13 
7/6 20/15 
" 7/6 21/15 
"22" 7/6 20/15 
"23 7/5 20/16 
"24" 7/6 23/15 
"27 7/5 21/16 
"26 " 7/5 21/19 


istanc 
Control Week [Abd. | Add. | Phorial]) Abd. | Add. | Phoria 


(averages) 
Final Weex 6/5 | 27/10 ortho|| 21/17 | 27/26 9 exo. 
Pupillary Distance 66 mn. 


Accormodative-Convergence: 13 P.D.(before) 10P.D.(after) 


Dr William Tait. Data Continued. Figure Two. 


to the point of diplopia while the subject was receiving treatment. The 
purpose for doing this was to eliminate any possible expectancy on the 
‘part of the subject to anticipate the dual objects that would result if 
the prism power was carried to the breaking point, and at the same 
time we wished to duplicate as far as possible the previous work 


reported. 
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Sub ject:Charles K.Doland 
Experimenter:Arthur k.Neale 
Control Week Abd. Abd. Phoria 
(averages) 
First Week 8/5 | 28/10 1 eso. 14/12 | 16/9 4 exo, 
Treatments Abd.(dist.) Abd. Feak 
11/7/33 9/7 17/13 20 
6/6 16/13 24 
= 6/5 16/13 16 
"35 * 7/6 16/12 20 
"13°" 8/7 16/15 18 
"14°" 8/7 16/17 20 
"15" 8/7 20/13 20 
8/7 17/14 20 
"17" 8/5 16/15 20 
"20 " 6/7 16/15 22 
"21" 6/7 16/15 24 
"22" 8/7 16/13 24 
"23" 9/8 28/27 24 
° 6/7 21/18 24 
"27" 6/6 20/16 24 
“26 * 8/6 18/15 21 
Distance 
Atd. Add. oris Abd. Add. Phoria 
Final Week | 6/7 131/12 | ortho 17/14 121/13 4 
Pupillary Distance 63 mm. 
Acoommodative-Convergence: 13 P.D.( before) 14 P.D-(after) 


Dr William Tait. Data Continued. Figure Three. 


Theoretical Considerations: 


Predicting an a prior: neuro-muscular co-ordinating system we find 
that it is necessary for the individual so endowed, to learn how to use 
this mechanism. It has been indisputably established that ocular co- 
ordination, for the most part, develops during the first few years of 
one’s life. Through performance and activation, a learning process is 
initiated which ultimately leads to a highly integrated and refined 
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Subject:Arthur R.Neale 


Experimenter: Charles K.Doland. 


Distance Near 
Control Week Atd. Add. thoria Atd. Add. Phoria 
(averages) 
First Weex 6/6 | 51/46 3 exo | 23/20 | 42/39 | 13 exo 


Treatrents 


Abd.( dist.) 


Feux 


Abd of pear) 


11/7/33 
“pn 
“gn 
"10 " 
"14 
"15" 


16 


6/6 
6/7 
6/7 

10/9 
9/8 
9/8 
8/7 
9/8 
9/6 
9/6 
8/7 
9/€ 
8/7 

9/8 

9/8 


25/24 

25/22 26 
25/23 24 
25/21 24 
26/24 26 
26/26 26 
25/23 26 
27/25 26 
29/27 26 
26/26 26 
28/27 26 
26/27 26 
28/27 26 
26 
28/27 26 
27/26 


Distance 


Near 


Control Week aAtd. Add. Fhoria Abd. Add. Fhoria 
(averages) 
Final Week 6/7 60+ | 3 exo.|| 29/27 | 44/40 | 15 exo. 


Pupillary Distance 65 mn. 


Accommodutive-Convergence: 8 P.D.( before) 


6 P.D.( after) 


response-mechanism. 


proportionately disappears. 
as its basis, a modification of nervous tissue. 
for example, leaves a certain imprint or trace which serves as a means 
to facilitate subsequent recall of a similar idea. 


It is thought that this acquirement is at first 
accompanied by a certain amount of consciousness, but as the mental 
operations gradually become habituated, we find that consciousness 
From a physiological aspect, learning has 
An idea in consciousness, 


Dr William Tait. Data Continued. Figure Four. 


How well we remember 
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depends upon the number and strength of the associational pathways 
that can be utilized when we desire to revive some past event. By a 
frequent use of these channels the permeability increases, thus permit- 
ting neural impulses to pass more easily over the inter-connecting 
neurones. ‘The resistance that was noticeable during the initial learning 
period has lessened considerably, probably as the result of either a phys- 
ical or chemical change taking place in the synaptical connections. The 
manner in which this lowering of resistance is brought about is not 
definitely known. One group of physiologists hold that neurobiotactic 
changes occur, in which the end-brushes of the axones and the dendrites 
are afforded a better physical approximation, thus narrowing the synap- 
tical gaps. 

This brief outline on the concept of the learning process was in- 
cluded because the essence of this experiment was based on this premise. 
Inasmuch as the construction of the instrument permitted a relatively 
small range of ocular movements, any kinaesthetic sensations present 
were not consciously experienced, therefore, our problem becomes one 
of sub-liminal learning in the absence of any consciousness. 


When we apply base-in prisms before a subject’s eyes, the retinal 
images of the object of regard are immediately deflected from the foveae 
to the adjacent nasal peri-macular areas. With the proviso that the 
prismatic power is less than sufficient to produce diplopia, there is an 
immediate reflex activity set in operation to innervate the extra-ocular 
muscles in such a fashion that the foveae are turned nasally to a position 
directly behind the displaced images. This physiological adjustment 
is accomplished by the intermediation of the negative fusional conver- 
gence, of which it is a function. It is only by stimulation of the peri- 
macular area that fusion efforts are induced. Ordinarily, the only type 
of convergence usable at the near point is that of fusional convergence, 
as Dr. Edwin Tait’s recent studies! have shown. He is of the opinion 
that the accommodative-convergence, although it may initially assist in 
placing the intersected visual axes at the reference point, yet when the 
convergence is attained, the accommodative-convergence becomes poten- 
tially inactive. A crude analogy would make this approach comparable 
to the latent energy of a storage battery in which it is necessary to set 
up a certain situation before the latent energy of the battery is released. 
So it is with the accommodative-convergence which only becomes op- 
erative when the necessity arises, such as in the act of initial fixation or 
when the accommodation is made the dominant factor under dissocia- 
tion in our 'phoria determinations. 

Another point to be brought out is the fact that since the prism 
power is being increased in equal steps, the images will be thrown upon 
identical areas in the peri-macular regions with each accretion, and not 
increasingly farther and farther from the fovee as a number of text- 
books dogmatically state. 


1Tait, E. F., A Reciprocal Reflex System in the Accommodative-Convergence 
Relationships. Amer. J. Psychol., Vol. XLV, pp. 647-662. 
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With a repeated stimulation, at regular intervals, of the same sen- 
sory surfaces, it was hoped that this situation would set in motion a 
sub-liminal learning process, either by increasing the number of func- 
tioning cones or by increasing the efficiency of those already in opera- 
tion, through a better facilitation of the associative bonds. This would 
then lead to a strengthening of the response and with it an improve- 
ment in the fusional divergence amplitude. 


Discussion of Results: 


A comparison of the duction values before and after the training 
period, revealed some very interesting data. In the first place two of the 
subjects showed no change whatever in the abduction for distance. The 
other two subjects reacted by an increase and a decrease of one prism- 
diopter, respectively. Considering the near-point data, we find an abduc- 
tion increase of from one to six prism-diopters. .The real significant 
feature, however, is to be found in the adduction values. Taken as a 
group the four subjects showed a greater increase in the distance and 
near adductions than was evidenced by the abductive ascertainment. 


It has repeatedly been stated that the tonus of a muscle can be in- 
creased only when the prism-apices are placed over the muscle or muscles 
in question. Contrary to expectations, this experiment raises a valid ob- 
jection to the above promulgated belief. 


We have advocated from time to time the placement of prisms 
base-in wherever a fatigue exophoria has been recognized. This proce- 
dure would relax the internal recti muscles and give the motor-nerve 
endings a physiological rest, thus permitting an absorption and further 
oxidation of the catabolic substances. We see, nevertheless, that there is 
a lack of change in the 'phorias in two cases while two of the subjects 
indicate an increase of two prism-diopters in the near exophoria, the 
distance imbalance remaining substantially the same. 


Although we were not primarily interested in the size of the extra- 
macular fusion area which is determined by the reversion to fusion after 
diplopia was elicited, it is noticed that there is a general tendency 
towards a slight increase. It is conceivable to the writer that this pick- 
up point can show wide variations, even in the same individual, under 
disturbing factors such as fatigue, toxicity, and an inefficiency of the 
relatively few scattered cones in the vicinity of the peripheral retina. 


Being cognizant of the fact that the fixation-object was not a suit- 
able device for blurr-point analysis, yet there was reported a blurring 
of the fixated letter with increase of base-in prisms. The initial place- 
ment of the image on the peri-macular field caused a horizontal stretch- 
ing of the E, almost to the point of distortion, but with the adjustment 
of the visual axes to place the foveae behind the image, this phenomenon 
disappeared and the object assumed its regular shape. However, when 
the total portion of the relative convergence was relaxed, the convergent- 
accommodative reflex upon further convergence relaxation, produced a 
corresponding accommodative inhibition, thus placing the eyes in a 
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status of anatomically uncompensated hyperopia with the image ap- 
pearing more and more indistinct. This haziness persisted throughout 
the range of convergent-accommodation relaxation, when a final 
stretching of the object of fixation preceded the diplopia. It might be 
mentioned that convergent-accommodation as with its associate, accom- 
modative-convergence, is not normally operative at the near-point, and 
it is only when we make the convergence the dominant factor that it 
becomes manifest. We can do this in either one of two ways: (1) by 
relaxing the convergence to the extent of its independence of accommo- 
dation, (2) or by inhibiting the accommodation with convex lenses 
while applying the system of dynamic skiametry developed by Dr. E. 
F. Tait. The blur-point showed a positive relation to the accommo- 
dative-convergence tie-up and those subjects who had the better accom- 
modative-convergent connection as shown by a relatively lower physio- 
logical exophoria, indicated a smaller blur-point area. It might be 
emphasized that this blur-point was only observable at near and was 
not experienced by any of the subjects at distance which is to be ex- 
pected, since practically all of the convergence relaxation for distance is 
relative convergence and it is not normally possible to relax accommo- 
dation beyond its far point at infinity. 

A final observation that we commonly see, was the enlargement 
of the fixation-object with increased base-in prisms. This is a psycho- 
logical illusion due to a relaxing of convergence. We have established a 
habit from past experience that with a given amount of convergence, a 
kinaesthetic sensation is produced as a result of stimulating the pro- 
prioceptive nerve-endings and receptors embedded in the extra-ocular 
muscles. The initiated impulses form certain impressions which are 
grouped in certain patterns, each pattern being associated with a differ- 
ent positioning of the visual axes of the two eyes. Our apperceptive 
background informs us that large objects do not have to be held as close 
to the eyes as smaller ones for observation. As convergence is relaxed, 
the fixation-target is mentally interpreted as being further away, and 
we, accordingly, perceive the letter E as being larger than it really is. 


Summary: 

1. A careful analysis of the data reveals that base-in prism cal- 
isthenics were more successful in increasing the neuro-muscular response 
of the adductive amplitude than in effecting any material change in the 
abductive reserve. This is contrary to the current conceptions. 


2. That there is some positive indication of a convergent-accom- 
modative association with the blur-point phenomena. 


3. That a problem of this nature must be investigated with se- 
lected and trained subjects, ocularly and physically normal, and with a 
rigid control of existing external variables. 

4. Because of an insufficient number of subjects, it is not the in- 
tention of the writer to attempt to formulate any authoritative state- 
ment regarding the rationale of base-in prism exercises. Nevertheless, 
since this experiment disclosed a lack of agreement with previous con- 
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ceptions, a satisfactory solution in this field points to the necessity for 
further research and for a more thorough consideration of the funda- 
mental problems involved. 


5. The work is to be continued in the Research Clinic of the 
Pennsylvania State College of Optometry. There it will be possible to 
employ various orthoptic instruments and ascertain the relative results 
with tri-dimensional fixation objects, circularly and spirally-moving 
objects, and emotion-producing objects. It is our hope to present, at a 
later date, a much more complete and precise report, together with a 
complete statistical analysis. \ 


DR. WILLIAM J. TAIT, 
1824 W. GIRARD AVENUE, 
PHILADELPHIA, PA. 
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REFRACTIVE ERRORS IN CHILDREN 


From an analytical study of the refraction records of 1,702 children 
examined between 1926 and 1933, H. McIlroy’ makes the following 
classification: For the whole group, hyperopia accounted for 78.78 per 
cent (boys) and 76.90 per cent (girls). The corresponding figures for 
myopia were 20.07 per cent (boys) and 22.43 per cent (girls). Emme- 
tropia accounted for 1.13 per cent (boys) and 0.66 per cent (girls). 


The incidence of myopia over 5 D. in boys was 1.38 per cent and 
in girls 1.65 per cent. Moderate myopia (2-5 D.) occurred in 8.15 per 
cent (boys) and 8.06 per cent (girls) and low myopia (under 2 D.) 
in 15.54 per cent (boys) and 12.70 per cent (girls). The incidence of 
high hyperopia was 11.29 per cent (boys) and 7.18 per cent (girls). 

In analyzing the 354 cases followed up for a period between 18 
months and 4 years and a few for a longer period, the author found a 
decrease in hyperopia in 215 cases, an increase in myopia in 81 cases, no 
change in 21 cases, whilst in 39 cases the refraction had become less. 


‘Brit. Journal of Ophth., October, 1934. 
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From mathematical analysis it was argued that whilst the average 
increase in refraction was 0.26 D. per year for boys it was 0.30 D. per 
year for girls. The increase in refraction for hyperopes was the same for 
boys and girls, i.e., 0.26 D. and 0.27 D. per year. In myopia there was 
a definite sex difference, boys showed an increase of 0.47 D. per year 
and girls 0.59 D. per year. 

The 39 cases showing a decrease in refraction were considered to be 
due to incomplete cycloplegia. 

We question the explanation about the 39 cases which showed a 
decrease in refraction as being due to incomplete cycloplegia; we found 
from our experimental studies of refraction with and without cyclo- 
plegics that there are present in some cases certain physiological variations 
in the amount of the refractive error and this variation will be present 
regardless whether the eyes are refracted with or without a cycloplegic. 


Sorsby, who made an exhaustive study of refractive conditions of 
several thousands of school children in London and followed up this 
same group for a period of from six to ten years, also found that in a 
large percentage of school children the amount of hyperopia is constantly 
decreasing. J. i. 


* * * * * 


THE MUSCLES OF THE IRIS AND THEIR ACTION 

A very interesting case was reported by C. Behr' of the pupil reac- 
tions of a girl, age 16, who has a small circular hole in the iris due to a 
perforating injury which took place in early childhood. The hole in- 
volved several layers of the iris, and was situated slightly peripherally 
to the sphincter region. Under normal conditions the hole was circular 
and Behr studied the changes in the shape which occurred when the 
pupil reacted to drugs, accommodation or light. He interpreted these 
changes according to these considerations: If during the course of any 
pupilary reaction the hole maintained its circular shape, the sphincter 
and dilator muscles were held to act harmoniously (equivalent contrac- 
tion of one and relaxation of the other). If the hole elongated into an 
oval with long axis lying radially it was concluded that the sphincter 
acted without active relaxation, or against the resistance of the dilator. 
An oval shaped hole with the short axis radial was interpreted as the 
effect of relaxation of the dilator without change in tone of the sphincter. 


The accompanying table contains the author’s observations during 
the various motor actions of the pupil: 


Reaction to light. 
Active contraction of sphincter. 
Active relaxation of dilator. 


*Arch. f. Oph., September, 1933. 
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Reaction to accommodation. 
Active contraction of sphincter. 
Passive dilator. 


Psychic, sensory dilation. 
Relaxation of sphincter at first. 
Active contraction of dilator later. 
Homatropine and cocaine. 
Sphincter paralyzed. 
Dilator unaffected. 
Cocaine. 
Sphincter somewhat restrained. 
Dilator stimulated. 


Physostigmine. 
Sphincter stimulation. 
Dilator unaltered. J.1.K. 
* * * 


BENJAMIN FRANKLIN THE INVENTOR OF BIFOCALS 


There have been a number of medals struck off in honor of Ben- 
jamin Franklin to commemorate his many accomplishments. The latest 
one is the Franklin Bifocal Sesquicentennial Medal. It was struck off by 
Bausch and Lomb from the design of the famous sculptor, Krilenyi, to 
celebrate the one hundred and fiftieth anniversary of the invention of 
bifocals. 

Franklin was noted and beloved for his great achievements in many 
fields. He was a diplomat, statesman and scientist. At the age of 74 he 
was so popular in France that John Adams said, ‘‘Franklin’s reputation 
was more universal than that of Leibnitz, or Newton, Frederick or Vol- 
taire, and his character more beloved and esteemed than any or all of 
them.”’ 

In spite of all his accomplishments Franklin was greatly worried 
about his eyes and was constantly seeking a solution. When he found it 
he wrote to his friend, George Whately, on August 21, 1784: ‘““Your 
eyes must continue very good, since you can write so small a hand with- 
out spectacles. I cannot distinguish a letter, even of large print, but am 
happy in the invention of double spectacles, which serving for distant 
objects as well as near ones, make my eyes as useful to me as ever they 
were. If all the other defects and infirmities were as easily and cheaply 
remedied, it would be worth while for friends to live a great deal longer.”’ 


Whately informed the distinguished English optician, Dollond, the 
inventor of the achromatic lens, about Franklin’s invention. Dollond 
replied that such lenses will only serve for particular eyes but will not be 
of practical value for general use. 


In May, 1785, Franklin replied to Dollond’s statement as follows: 
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‘By Mr. Dollond’s saying that my double spectacles can only serve 
particular eyes, I doubt he has been rightly informed of their construc- 
tion. I imagine it will be found pretty generally true, that the same con- 
vexity of glass, through which a man sees clearest and best at the dis- 
tance proper for reading, is not the best for greater distances. | therefore 
had formerly two pairs of spectacles, which | shifted, occasionally, as in 
traveling I sometimes read, and often wanted to regard the prospects. 
Finding this change troublesome, and not always sufficiently ready, | 
had the glasses cut and a half of each kind associated in the same circle. 
By this means, as I wear my spectacles constantly, I have only to move 
my eyes up or down, as I want to see distinctly far or near. This I find 
more particularly convenient since my being in France, the glasses that 
serve me best at table to see what | eat not being the best to see the faces 
of those on the other side of the table who speak to me; and when one’s 
ears are not well accustomed to the sounds of a language, a sight of the 
movements in the features of him that speaks helps to explain: so that 
I understand French better by the help of my spectacles.” 


The public in general and the profession of optometry in particular 
have much to be thankful for to Franklin for his industry and invention. 
The bifocal has proven to be a boon to mankind. ‘ae @ 


BOOK NOTICES 


DISEASES OF THE EYE. Sir John Herbert Parsons, C.B.E., D.Sc., 
F.R.C.S., F.R.S., Consulting Ophthalmic Surgeon, University Col- 
lege Hospital; Consulting Surgeon, Royal London (Moorfields). 
Ophthalmic Hospital. Published by the Macmillan Company. Sev- 
enth Edition. 695 pages, 21 colored plates, 353 illustrations. 
$5.50. 1934. 


This new, seventh edition of Parsons’ Diseases of the Eye is larger 
and more complete than any of the editions or reprintings which pre- 
ceded it. Several chapters have been completely rewritten and many new 
illustrations have been added. The book is arranged in eight complete 
sections as follows: (1) Anatomy and Physiology: (2) Examination 
of the Eye: (3) Diseases of the Eye: (4) Errors of Refraction and 
Anomalies of Accommodation; (5) Disorders of Motility of the Eye: 
(6) Symptomatic Diseases of the Eye: (7) Diseases of the Adnexa of 
the Eye: (8) Hygiene of the Eye. 


The second, fourth and fifth sections, dealing as they do with 
ocular refraction and the convergence-accommodative problem are nat- 
urally the sections which would be of chief interest to the optometrist. 
These chapters are written in the usual conservative medical style, em- 
phasis being placed on the use of a mydriatic. However, the several hun- 
dred pages dealing with this phase of ocular work are well written and 


| 
a 
} 
a 
| 
2 
| 
| 
€ 
‘ 
476 


AMERICAN JOURNAL OF OPTOMETRY 


contain much good orthodox ‘‘optometry’’ which should not be over- 
looked in one’s zest over some new or sensational theory. It must be 
remembered that the profession of optometry was erected on thése same 
orthodox principles which the medical men have now borrowed and that 
these principles have, in the main worked well for the last fifty years. 
Sir John Herbert Parsons has again done a nice piece of work in his 
revised seventh edition. 


* * * * * 


CATARACT, ITS ETIOLOGY AND TREATMENT. Clyde A. 
Clapp, M.D., F.A.C.S., Associate Professor of Ophthalmology, 
Johns Hopkins University: Professor of Ophthalmology, Univer- 
sity of Maryland: Visiting Ophthalmologist, Johns Hopkins Hos- 
pital and Wilmer Institute: Ophthalmologist, University of Mary- 
land Hospital. Published by Lea & Febiger, Philadelphia, Pa. 254 
pages, 92 illustrations. $4.00. 1934. 


Clapp’s new book on cataract is as complete a work on this sub- 
ject as could be wished for. It is a comprehensive treatise on the normal 
crystalline lens and its pathological changes. The book contains much 
valuable material on the embryology, comparative anatomy, physiology, 
chemistry of the lens and other related topics, as weil as a thorough study 
of every phase of pathology to which the lens falls heir. 

In addition to this, the work deals largely with the surgical relief 
measures which may be relied upon to correct this type of ocular path- 
ology. A small chapter deals with the non-operative treatment of catar- 
act. In this chapter one misses a reference which could have been made 
of the work done by Hotaling and Ryer of New York City in the field 
of cataract prophylaxis with their red-free absorption glass therapy. This, 
however, is but a minor omission and by no means affects the general 
excellence of the work. 

The book is divided into twenty-five chapters, each followed by a 
complete bibliography. Clapp’s style of writing is clear and the reader 
feels he has a complete command of his subject. This is an ocular treatise 
which should prove very welcome. 


* * * * 


STRABISMUS. Henry Rich Higley, Opt.D. Second Edition. Published 
by the author at Pittsfield, Mass. 193 pages, 80 illustrations. $6.50. 
1934. 


In 1923 Higley published the first edition of this work under the 
title Cross Eyes. The first edition was, for years, one of the outstanding 
optemetric books on the subject of orthoptic treatment. Since this time 
the author has spent much time treating cases and studying the problems 
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involved in the correction of squint. This second edition, being much 
more complete than the first, naturally reflects the added experience 
gained by Higley during the past decade. 

Higley, in this new work, suggests that strabismus is caused by an 
unfavorable external mental influence which results in a defective fusion 
sense. He sets this up as an important factor in the etiology of the defect 
and in this he may be in a measure correct, but we cannot help but feel 
that this is only one of the many equally important causes of strabismus 
and by no means the most important. Whether or not Higley is correct 
in this stand, his presentation of this theory will do much to stimulate 
thought on this phase of the work and therefore the chapter dealing with 
it is most welcome. 

The author also presents optometry with a new depth perception 
device. This is known as the Higley Depthoscope, which should prove of 
value not only making a diagnosis in a case of squint but also in other 
cases as well. This instrument, according to Higley, can be used not only 
to determine the presence or absence of depth perception but also to de- 
velop it where it has been found to be subnormal. An appendix, written 
by Dr. W. W. Stifler, of Amherst College, deals chiefly with the technical 
and mathematical phases of the Depthoscope. 


The book is very nicely written, the author being conservative in 
his views and statements. He recommends most of the accepted treatment 
technics, all of which he reviews in great detail. The author is not, how- 
ever, much impressed with any of the rotating ‘‘pin-wheel’’ treatment 
devices so much in evidence several years ago. These he believes to be of 
little or no value. The book, as a handbook for the optometric prac- 
titioner, is very well put together and will serve as a valuable guide in 
the important work of orthoptic treatment. 
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abduction... ... 7, 9, 12, 125, 175, 176, 177, 178, 
243, 368, 374, 413, 416, 418, 448, 462, 463, 
464, 465, 466, 467, 468, 469, 470, 471, 472 

absolute convergence (also see con- 
368 
absorption lenses....... 120, 136, 137, 138, 139 
272, 273, 274 

Absorption lenses, suggestions for pre- 
scriping. J. Baxter, 136 
accidential squint (also see squint)....... 284 


accidents due to improper illumination... 156 

accommodation... .2, 4, 5, 6, 7, 8, 10, 11, 12, 13, 

4, 15, 16, 17, 33, 34, 35, 66, 67, 68, 69, 

38, 190, 228, 246, 248, 249, 

286, 291, 320, 323, 326, 327, 

7, 368, 369, 370, 371, 372, 

6, 377, 378, 379, 380, 381, 

12, 413, 414, 415, 416, 
21 


452, 453, 454, 455, 456, 457, 458, 459, 460 
Accommodation, Astigmatic, B. M. Lazich. 379 
Accommodation Convergence relationship, 

A case relating to the study of, Lloyd 


Accommodative-convergence, Philip VPol- 

accommodative exophoria (also see ex- 
adduction (also see convergence)..... 5, 6, 7, 
123, 125, 175, 176, 177, 178, 243, 368, 374, 


EC CT 293, 311, , 245, 392 
aetiology of disease, ocular.............. 277 
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